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Dutch elm disease (DED) is a vascular wilt disease caused by two fungi, 
Ophiostoma ulmi and the more aggressive, Ophiostoma novo-ulmi. The 
outbreak of two pandemics during the last century severely affected North 
American and European elm populations. Nowadays, numerous trees are 
still dying due to the difficulties to control this highly virulent disease. The 
Spanish elm breeding programme has obtained seven highly tolerant native 
U. minor genotypes that are registered as forest reproductive material [1]. 
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A selection of unigenes from a biotic stress library of Ulmus minor [2] 
was included in the microarray design (Agilent 8 x 60K, Agilent Technologies, 
CA, USA). A total of 1,681 unigenes significantly modified their level of 
transcripts in at least one sampling point in one genotype during Ophiostoma 
novo-ulmi infection. 300 genes were exclusively identified in AB-AM2.4, 167 
genes in M-DV2.3 and 50 genes in both genotypes 
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2011 2012 
% Wilting 60 d.p.i 
1.4 ± 4.9 
31.9 ± 4.9 
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1.7 ± 5.4 
28.6 ± 5.4 
80 ± 6.3 
2011 2012 
% Wilting 90 d.p.i 
3.3 ± 5.4 
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81.7 ± 6.2 
Three Spanish elms with contrasted tolerance to 
DED were selected for this study (Table above 
shows canopy wilting percentage in a previous 
experiment). Inoculation was carried out about 15-30 
days after full leaf development. Symptoms were 
visually assessed during four months after 
inoculation by estimating the percentage of leaf 
wilting (shown in Table bellow the image). Inoculated 
plants from susceptible genotypes showed the first 
symptoms in the crown at 14 days post inoculation, 
reaching 10-15% of wilting leaves. By 21 days after 
inoculation, tolerant genotypes inoculated with 
Ophiostoma novo-ulmi showed a low percentage of 
wilting (10-15%) whereas susceptible genotypes 
reached values exceeding 50%. 
Differentially expressed genes follow two main trends; increase or decrease in 
transcript levels. Graphics on the left show the average trend for each genotype. An 
enrichment analysis indicated an increase of Gene Ontology (GO) terms related to 
“response to biotic stimulus”, “response to stress” or “kinase activity” in genes 
upregulated (blue bars) whereas downregulated genes showed significant 
enrichment in GO terms related to anatomical structure morphogenesis, cell growth 
or cell differentiation (red bars). 
Significant increases 
in level of transcripts 
of specific defence 
genes or transcription 
factors were identified 
specifically in tolerant 
genotypes. These 
results suggest that U. 
minor tolerance to O. 
novo-ulmi is related to 
the differential 
expression of these 
genes. 
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